T he 2005 results of the International Comparison Program (ICP) brought with them a new understanding of the size and composition of the world economy. The values of the gross domestic product (GDP) and its aggregates were estimated on a common currency basis, corrected for differences in price levels and unaffected by transitory movements in exchange rates.
Bird's-Eye View of the Global Economy
The four figures in this section provide an overview of the world economy using purchasing power parity (PPP) measures of GDP, as described in Global Purchasing Power Parities and Real Expenditures: 2005 International Comparison Program (World Bank 2008 . Figure 19 .1 shows the distribution of the world GDP among low-, middle-, and highincome countries when using PPPs and exchange rates. 1 The world share of GDP for middleincome economies increases from 19 to 32 percent of the world economy when using PPPs to convert the national GDPs to a common currency instead of exchange rates. The share of the world economy held by low-income economies more than doubles using PPPs, but the striking disparity is that 35 percent of the world population produces 7 percent of the global GDP. Only 17 percent of the world population produces 61 percent of the global GDP.
According to the 2005 ICP PPP estimates of GDP, the United States remains the largest economy, with 22.5 percent of the total, followed by China and Japan, with 9.7 and 7.0 percent, respectively. The 12 largest economies together account for two-thirds of the global GDP and include Brazil, China, India, Mexico, and the Russian Federation. These five low-or middleincome countries collectively account for almost 22 percent of the global economy.
There are also interesting results by region. The African economy is dominated by the Arab Republic of Egypt, Morocco, Nigeria, South Africa, and Sudan, which account for two-thirds of the region's GDP. 2 Brazil accounts for one-half of the South American economy. Russia accounts for three-fourths of the GDP of the Commonwealth of Independent States (CIS), China and India account for two-thirds of the Asia-Pacific's GDP, and Saudi Arabia is the largest country in Western Asia. Figure 19 .2 shows the distribution of global GDP by country or economy. The economies are arranged in the order of GDP per capita along the horizontal axis and presented as rectangles whose length along the horizontal scale corresponds to share of the world population. The vertical scale shows the PPP-based index of GDP per capita, which is each economy's GDP per capita as a percentage of the world average (world = 100). Each economy's GDP is thus represented by the rectangular area or the product of population and GDP per capita for direct comparison across economies.
In figure 19 .2, the economies are arranged in increasing order of GDP per capita. The intersection of the 100 percent line with the rectangles illustrates that about three-fourths of the world population is in economies below the world average for per capita GDP. Both China and India have GDP per capita below the world average; however, they have the second-and fifth-largest economies because, combined, they account for 40 percent of the world population. The United States, with the sixth-largest GDP per capita, is at the right. The remaining countries are indicated by the dark lines because of their small populations. .3 provides another view of GDP per capita across countries, this time plotted against the price level indexes (US = 100). Recall that the price level index (PLI) is the ratio of the PPP to a corresponding exchange rate and is used to compare price levels between economies. Figure 19 .3 is a multidimensional comparison of the PLI with per capita GDP scaled to the size of the economy. The country spheres are color-coded by ICP region. 3 The PPPs and exchange rates are expressed through the PLI; the per capita expenditures reflect each country's affluence and the size of the sphere its GDP. An important observation is that, in general, price levels increase as countries become more developed. Another observation is that the relationship between price levels and GDP per capita is not uniform for individual countries, especially at the higher income levels. For example, the PLI for Iceland is about 60 percent higher than that for the United States, whereas Iceland's GDP per capita is below the U.S. level.
Regressing the log PLIs on log per capita GDP in nominal terms, we can estimate the static Balassa-Samuelson effect (or the static Penn effect) 4 This means that with each percent of increase in the nominal per capita GDP, the price level (PLI) increases by 0.2131 percent (in relative terms, versus the United States). As mentioned earlier, this relationship is not very strong. But using this formulation, we can predict the PLI or real GDP for a country with the standard error of estimate of 23.4 percent. 5 It is possible to get a better fit when using a nonparametric regression. In particular, in figure 19 .4 the LOESS (locally weighted polynomial regression) with Epanechnikov kernel was used (Cleveland and Devlin 1988) . The LOESS fit (the thick line in beige) is contrasted with the cubic fit presented for comparison. It is clear from figure 19 .4 that the relationship of log price level versus log income per capita at exchange rate is strongly nonlinear. The standard error for the LOESS regression is 0.18, still high, but significantly lower than for the linear formulation. 
Impact of Methods Used to Apply Regional Fixity
Earlier chapters described in great detail the different methods and concepts involved in estimating PPPs. They pointed out that any properly defined multilateral process to estimate the PPPs between any two countries will be affected by the other countries in the comparison. The PPP between Mexico and Germany, for example, will depend on the other countries in the comparison. Chapter 10 described these sources of variability in considerable detail.
To eliminate influences from nonregional countries, the ICP follows this principle: first estimate PPPs at the regional level and then carry out the global aggregation in such a way that intraregional relativities for prices and real expenditures are retained. This is called fixity. The rationale for the fixity requirement is the following: because the countries within each region would utilize a common item list and are likely have more similar price and economic structures, it would make more sense to make comparisons among them than comparisons with out-of-region countries. Chapters 4-6 showed how these regional PPPs were estimated in the 2005 ICP, and then linked to other regions for the global comparison. This linking was done in a way that ensured the fixity concept was met. The fixity concept thus defined ensures that the relative position (ratio of PLI or real expenditures) between any pair of countries in a region remains the same in both the regional and global comparisons. This concept also allows for different timing of preparation and publication of the regional results.
However, the composition of the ICP regions has moved from a mostly geographic base to a more organization-based distribution. In particular, the Eurostat-OECD region includes the Republic of Korea, Japan, Mexico, and Russia. 6 In addition, composition of the regions changes from one comparison to another: in 1993 China and India did not take part in the ICP, whereas in 2005 both countries were part of the Asia-Pacific region. At the same time, Japan and Korea were part of the Asia-Pacific region in 1993 but not in 2005.
This section compares the results derived by imposing fixity using the two-stage approach applied by the 2005 ICP with the results based on a one-stage global aggregation in which fixity is not imposed on the global GDP or aggregates. Regional fixity can be restored by distributing the sum of regional totals from the one-stage global aggregation to the respective countries in each region based on the regional aggregation.
The results are shown in The GEKS aggregation with fixity as implemented in 2005 is a two-stage process, as shown in chapter 10. As a preliminary step, the regional aggregation is carried out according to the regional methodology-that is, with the GEKS indexes, or, in the case of Africa, with the Iklé-Dikhanov-Balk (IDB) method. Sometimes, the regional aggregation is a multistage process itself, as in the Eurostat-OECD region.
The inputs for both the one-stage and two-stage global aggregations is the within-region basic heading PPPs and the between-region linking factors that convert the within-region PPPs to a set of transitive global basic heading PPPs. The two-stage method of aggregation to the GDP and each subcomponent is as follows:
• • Stage one. Use the regional basic heading real expenditures as calculated by the regions to assemble the regional totals (super countries) at regional prices. • • Stage two. Use the GEKS method to conduct the global aggregation using the regional totals by basic heading and interregional linking factors at the level of GDP and its components.
After that process, the regional totals at the level of GDP and its components will be redistributed according to the regional results to ensure fixity. An alternative (one-stage) global aggregation process is to compute the GEKS results directly at each level of aggregation using the full matrix of 129 basic heading PPPs for the 146 countries after they have been linked to a common global currency, without assembling the regional totals. After the global aggregation is computed, the GEKS results are normalized to have the same intraregional relativities as in the regional comparison (i.e., fixity is applied in the same fashion as in the two-stage case).
The PPPs between any two countries in the one-stage aggregation are affected by countries from every region. All countries are treated equally in every stage of aggregation regardless of their economic size. Thus the PPP between, say, Brazil and India is computed directly rather than via the interregional linking factors. In addition, the PPPs between any two countries are affected by the indirect PPPs based on each of the remaining 144 countries as shown in chapter 10.
In this chapter, fixity has not been applied in the one-stage process-that is, the difference between the one-and two-stage processes under consideration here includes both effects of fixity and an extra stage in aggregation.
The one-stage global aggregation with no fixity imposed increases the per capita expenditures as a percentage of the global measure in the Asia-Pacific, CIS, and Africa regions, and more specifically in China, India, Russia, and Tajikistan.
Columns (4) and (5) show the world shares by region and country for the one-and two-stage cases. The U.S. real GDP share in the world decreases with the one-stage aggregation. However, as shown in column (6) the distribution of GDP across regions and countries changes considerably, clearly indicating that the choice of method has a significant effect.
The country shares of world GDP for China, India, and Russia become larger when the one-stage global GEKS aggregation without fixity is used, and, correspondingly, the relative price levels become lower. At the same time, the price levels for Brazil, South Africa, and Egypt become higher when the one-stage aggregation is used. Figure 19 .5 plots the differences between the two methods for all the countries in the comparison. The regression line is based on the nonparametric LOESS procedure. Some countries (in particular, Tajikistan and the Kyrgyz Republic) exhibit very high deviations, which probably indicate the limitations of the methodology.
This effect should be taken into account when comparing the 2011 and 2005 ICP rounds, because the 2011 methodology of linking the regions will generate results for regions in their entirety closer to the one-stage calculation as presented here. For example, in the one-stage calculation the GDP level of the Asia-Pacific region is estimated as 10 percent higher than the official results, and at the same time the relative positions of India, China, and other Asian countries within the region would not change when fixity is applied. This means the positions of countries in Asia vis-à-vis the world move in accordance with the level change in that region.
The GEKS Method and Additivity
Additivity is a desired statistical property for international comparisons. For example, the expenditures in national currency for each basic heading divided by the respective PPPs should add to the sum of the basic heading expenditures (in national currency) divided by the aggregated food PPP. The addition of major aggregate expenditures in PPP terms to GDP should equal the real expenditures obtained by dividing GDP expenditures in national currencies by the aggregated PPP for GDP.
Different methods can be used to average basic heading PPPs to aggregates of GDP and to GDP. In chapter 5 of this volume, Diewert describes the properties of the three primary 1,000 100 10,000 100,000
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FIGURE 19.5 Ratio of Two-Stage GEKS with Fixity to One-Stage GEKS without Fixity versus GEKS GDP Per Capita methods-GEKS, IDB, and Geary-Khamis (GK)-used to aggregate basic heading PPPs to the higher levels, including GDP. There, he examines the additive property and the economic approach to making multilateral comparisons. The GEKS method does not provide results that are additive, whereas both the GK and IDB methods do satisfy that property. Diewert shows that GEKS satisfies the economic approach to index number theory, that it is one of the superlative multilateral methods, and that it satisfies some important axiomatic properties.
He also explains that additive methods are not consistent with economic utility across countries. Countries whose price vectors diverge widely from the "international or world" prices used in additive methods will produce quantity shares that are biased upward. In other words, the GDP shares in countries whose price vectors are out of line with the "international price" will be biased upward using additive methods. 7 For these reasons, the method of choice for the global aggregation for the 2005 ICP and also for the 2011 ICP is the GEKS method, even though its results are not additive. The rest of this section briefly reviews the main aggregates and the impact of the lack of additivity.
The data in tables 19.2 and 19.3 are derived from table 4, real expenditures by aggregate and the GDP, in World Bank (2008) . This table provides real expenditures separately for machinery and equipment, construction, and other products. Then, the respective PPPs for these aggregates are averaged to provide real expenditures for gross fixed capital formation (GFCF). The sum of the real expenditures for machinery and equipment, construction, and other products is not the same as the real expenditures for GFCF after the respective PPPs are aggregated, and therefore is not additive. A similar comparison can be made by adding real expenditures for aggregates making up actual individual consumption (AIC) and comparing that with AIC real expenditures and also at the level of GDP. Table 19 .2 shows the sum of the real expenditures for the aggregates making up GDP, AIC, and GFCF as the ratio of the real expenditures from the aggregated PPPs for the six regions and the world. The first column shows that the largest difference for GDP is 4 percent in the Asia-Pacific region; all others are essentially the same considering the statistical variability inherent in the methods. However, the differences become considerably larger for subaggregates of GDP. The sum of real expenditures for machinery and equipment, construction, and other products is 32 percent larger in the Asia-Pacific region than the aggregated value of gross fixed capital formation.
Region
Sum GDP/GDP Sum AIC/AIC Sum GFCF/GFCF 2, but for countries in the AsiaPacific region. It is obvious that the differences between the respective sums and the PPP aggregate are considerably larger at the country level. The main contributor to the differences for the capital formation aggregate is the construction category, in which real expenditures for some countries exceed the aggregated capital formation amount. Large differences are also shown for the actual individual consumption category. The differences become much smaller at the GDP level.
What are the consequences of the lack of additivity? First, the main purpose of the ICP is to obtain comparisons that are consistent with economic utility across countries. In addition, the GEKS treats countries symmetrically and equally in the aggregation, as shown in the examples in chapter 10. Therefore, the main consequence of the lack of additivity is that the PLIs and real expenditures for each component and aggregate of GDP must be considered separately and used to understand the comparisons across countries. They should not be used for within-country comparisons. Second, the most appropriate comparison for gross fixed capital formation is use 
GDP by Method of Aggregation
This section compares four methods used to estimate PPPs and thus the global real value of GDP. Chapters 4, 5, and 6 provide a complete review of these methods. However, a brief summary is presented here to provide context for the discussion of the methods.
The GEKS method was described earlier in this chapter in the discussion on fixity. The GK method is a global aggregation using the 129 basic heading expenditures and PPPs for the 146 countries. The real expenditures for each country based on the sum of the country's individual basic heading expenditures are weighted by an international price held constant across countries. The result is a set of real expenditures that are additive to the ICP. However, large countries will make larger contributions to determination of the international prices, which therefore will be more representative of the larger countries in the comparison.
The IDB method is a global aggregation using the 129 × 146 matrices of basic heading PPPs and expenditures. Chapter 5 provides a detailed discussion of the properties of the IDB method, which also produces additive results. The method is very similar to the GK method except that international prices are determined in a way that reduces the effect of large countries, and, as a result, reduces the Gerschenkron effect. 8 The IDB method treats all countries equally, as does the GEKS. Either or both methods will be of interest to those seeking a method that is additive across countries and commodity groups. Therefore, what follows reviews the results by method, beginning with table 19.4, which shows the real GDP by method of aggregation by ICP region and world. The numbers in table 19.4 are expressed in U.S. dollars, and thus the changes in world totals reflect the relative changes in the U.S. GDP share in the world. In other words, using the GK method the U.S. dollar is valued 4.5 percent less than when using the two-stage GEKS, and so forth.
The two GEKS aggregations are interesting because they simply show the effect of directly aggregating country PPPs across regions and the respective larger differences in price levels encountered. Also interesting is that the GEKS two-stage, GEKS one-stage, and IDB values are very similar, suggesting they are not statistically different.
The effect of the four methods on the size of the regional and country economies is now shown using their shares of the world economies. Table 19 .5 shows the percentage of each region's real GDP of the world total for each aggregation method.
The GK versus GEKS (two-stage) method shows larger shares of the world for the AsiaPacific, CIS, Africa, and Western Asia regions. The world shares are reduced for the South America and Eurostat-OECD regions. The effect of the large country weights on the international price for the GK was to raise the shares of the poorer regions and lower them in the higher-income countries.
It can be concluded, then, that the differences between methods at the regional level are not large because of the smoothing effect of having countries at various levels of development in each region-for example, Asia has some of the richest and the poorest countries in the world, and the Gerschenkron effect in the GK case would not be so distinct at the regional level. The general relationship between the GEKS and the additive methods shows that the IDB maintains additivity with little impact on the country shares for most regions.
At the individual country level, the picture is quite different; the differences are much more pronounced. Figure 19 .6 compares the different methods at the country level using GDP per capita. The GEKS one-stage GDP per capita for each country is in the denominator. The graph shows a scatter plot of the ratios of the GK and IDB measures of GDP to the GEKS one-stage estimates. Because the GK and IDB are one-stage methods, they are compared with the GEKS one-stage values. That comparison explicitly shows the greater bias inherent in the GK for countries with the lower GDP per capita and decreases as the per capita measure increases. It also has a larger number of outliers. The IDB/GEKS ratio is greater than 25 percent for only one country; otherwise, the ratios are evenly distributed around the regression line (nonparametric LOESS fit). The result is that the IDB method produces results similar to those produced by the GEKS method, and it gives additive results. The Gerschenkron effect is clearly visible in the GK case. The next section is an overview of the structural information that can be gleaned using an additive method-in this case the IDB.
Structure of the World GDP and Its Aggregates
The annex to this chapter presents the item shares resulting from the IDB aggregation, which are additive to the GDP for each country. Using this table, one can examine the distribution of the aggregates of the real GDP expenditures. Some examples follow.
Twelve percent of the world's GDP is for food and nonalcoholic beverages. Africa spends over a fourth of its GDP on these products, but the Eurostat-OECD spends only 10 percent. Many of the poorer countries spend over a third to a half of their GDP on food. The table shows that the expenditures on food decline as the size of the economy increases.
Health expenditures account for 6 percent of the world GDP, but with a smaller range: 3.8 percent in Western Asia and 6.4 percent in the Eurostat-OECD region. In only six countries are health expenditures 10 percent or more of GDP. A similar picture emerges for education expenditures, where the range is from 2.8 percent for the Eurostat-OECD countries to 6.6 percent for the CIS countries.
Government expenditures (individual and collective) account for 12 percent of the world GDP. Shares by region range from 29 percent for Africa to 12 percent for the Asia-Pacific. Eleven countries spend one-fourth or more of their GDP on government.
Construction accounts for 13 percent of the world GDP. The Asia-Pacific region leads the way, spending nearly a fourth of its GDP on construction. Only about 9 percent of the Eurostat-OECD Note: GEKS = Gini-Éltetö-Köves-Szulc; GK = Geary-Khamis; IDB = Iklé-Dikhanov-Balk. 
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FIGURE 19.6 GK/GEKS Ratio and IDB/GEKS Ratio versus GEKS GDP Per Capita by Country
region's GDP is spent on construction. However, this region has the largest share of machinery and equipment expenditures (11 percent), compared with 8 percent for the Asia-Pacific region. This implies that there is a labor productivity factor in which more labor is used in Asia and more equipment is used in the Eurostat-OECD region to achieve a given level of construction.
It is left to the reader to review the distributions at the country level, especially by economic size, where it is clear that countries with rapid growth have large shares for investment.
Conclusion
This chapter provides an overview of the results of the 2005 ICP, as well as an analysis to clarify the concepts of fixity and additivity. It then compares the different methods of estimating PPPs that incorporate these concepts.
A conclusion from this analysis is that the ICP results are very robust. Although different methods of estimation provide somewhat different answers, the results are within the range of statistical variability. And although the IDB method does have a residual Gerschenkron effect, its results are close to those produced by the GEKS method, but it provides additivity, which is important for structural analysis. It is also shown that regional fixity may have a significant effect on the results. 
